Reading and writing are fundamental instruments for life in literate societies. The academic, professional and even the autonomy success of an individual largely relies on their ability to read and write. However, these skills are not acquired spontaneously; they rely on cognitive skills and knowledge that depend on a directed and systematic intervention in order to be developed. Over the last 40 years, a wide range of Cognitive Psychology research has suggested the existence of predictor variables of reading and writing performance. Among these variables, we find phonological awareness, phonological memory and rapid naming, also called phonological processing skills (C.N.G. Justi, Roazzi, F.R. Justi, Henriques, & Cançado, 2014; Melby-Lervag, Lyster, & Hulme, 2012; Wagner & Torgesen, 1987) . Phonological processing refers to the conscious use of phonological information (sounds of a given language) in Sylvia Domingos Barrera Universidade de São Paulo, Ribeirão Preto-SP, Brazil Gabriela Guarnieri Mendes 2
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the speech and writing processing. This processing is related to mental processing of information treatment based on oral phonological structure (Wagner & Torgesen, 1987) .
Phonological awareness is defined as the skills to reflect and manipulate speech sounds, encompassing the skill to operate with rhymes, alliterations, syllables, and phonemes. This skill has different levels, ranging from a "superficial" sensitivity of larger phonological units to a "deep" sensitivity of small phonological units (Cunha & Capellini, 2011) . Several studies have shown that metaphonological skills relate to success in learning to read and write (Barrera & Maluf, 2003; Justino & Barrera, 2012; Melby-Lervag et al., 2012) .
Phonological memory has also been considered in the literature as largely related to reading skills (Kibby, Marks, Morgan, & Long, 2004; Wagner & Torgesen, 1987) and phonological awareness (Melby-Lervag et al., 2012) . According to the model proposed by Baddeley and Hitch (cited by Gathercole & Baddeley, 1993) , the working memory would have two support systems, responsible for processing and maintaining information in the short-term memory, one of phonological and another of visuospatial nature. According to Wagner and Torgesen (1987) , the efficiency in phonetic coding and its temporary maintenance in the memory assist the reader to apply the maximum of their cognitive resources to connect isolated phonemes in order to form words. For the authors, there is considerable evidence that good and bad readers vary in terms of their efficiency in phonetic recoding in working memory, which manifests in verbal memory span tasks, whose performance is relatively independent of general cognitive skills. Snowling and Stackhouse (2004) consider that the skills to repeat words and pseudowords offer information about the phonological processing proficiency, particularly with regard to phonological memory. During repetition, the children rely less on their own phonological representations, since the examiner provides the stimulus.
In addition to phonological awareness and phonological memory, there is evidence that a third cognitive skill is also important for reading, the rapid automatized naming (RAN). Recent studies suggest that the skills to process and name visual symbols quickly and correctly plays an important role in learning to read, and a disorder in these skills can lead to learning deficits (Capellini & Lanza, 2010; Germano, Pinheiro, Padula, Lorencetti, & Capellini, 2012) . Naming speed is also largely related to the speed of access to longterm memory and to phonological naming, which may influence the development of reading and writing (Bicalho & Alves, 2010) .
The literature has conflicting conceptions about the naming speed nature: Wagner and Torgesen (1987) suggest that this skill is primarily related to phonological processing, whereas Wolf and Bowers (1999) believe that naming speed is linked to accuracy, automaticity and synchrony of a set of perceptive (discrimination and identification of visual patterns), lexical (recovery of phonological information) and motor processes (related to speech articulation).
According to Wagner and Torgesen (1987) , phonological recoding in the access to the lexicon has its importance in the reading evidenced by the speed differences in naming colors, objects, letters and digits, observed between normal and dyslexic readers. However, there is no evidence of causal relationships between naming speed and reading acquisition. Wolf and Bowers (1999) suggested the existence of three subtypes of difficulties in reading: the first, originating from deficits in phonological skills; the second, caused by slowness in naming visual patterns, which interferes with spelling processing and reading fluency; and the third, caused by the combination of the two previous subtypes. According to this theory, a disorder in the skill to process visual symbols quickly would constitute a second deficit in dyslexia, regardless of phonemic awareness deficit. This hypothesis reintroduces the idea of visual processing as an important variable to be considered in learning of reading.
In a recent study, C.N.G. Justi, Roazzi and F.R. Justi (2014) compared the two theoretical proposals: Wagner and Torgesen (1987) versus Wolf and Bowers (1999) , through structural equation modeling, assessing phonological awareness, phonological memory and rapid naming skills in a sample of Brazilian children enrolled in the 4th year of Elementary School. The results of that study suggest that the best way to conceptualize the relationship between phonological awareness, phonological memory and rapid naming scores, and the constructs underlying them is through a two-factor model, where rapid naming represents a separate factor of the "phonological processing" factor, thus corroborating Wolf and Bowers' hypothesis (1999) . Despite the results, C.N.G. Justi, Roazzi and F.R. state that this study provides only evidence that the basic nature of these processes is not phonological, suggesting new studies to determine more precisely the nature of the psychological processes underlying rapid naming.
Considering the questions in the scientific literature regarding the cognitive skills underlying phonological processing and the relevance of the theme to the understanding of the cognitive processes involved in learning of reading and writing, this study aimed to (1) analyze the contribution of the different cognitive skills considered representative of the phonological processing -Phonological Awareness, Phonological Memory and Rapid Naming -added of Visual Processing skill, for initial reading and writing learning; (2) to analyze the correlation pattern between these skills. As main hypotheses of the study, the expectation is that (a) all studied skills are correlated to reading and writing performance, with emphasis on phonological awareness as the main predictor of this performance; (b) tests of memory of pseudowords and RAN letters, depending on the nature of the used stimuli, are the best predictors of reading and writing performance among phonological memory and rapid naming tasks.
Method Participants
Fifty children of both sexes (26 females and 24 males), students of the 3rd Year of Elementary School, from a public school in the countryside of São Paulo participated in this study. Participants had a mean age of 7 years and 7 months (SD = 0.443 months). The sample, selected by convenience, was characterized by children who have not failed any year at school, with no complaints of hearing or visual problems and presenting oral language within normality patterns. The school staff provided this information and the children's language was observed during the application of the research tests.
Instruments

Phonological Awareness Test: Sequential Assessment
Instrument (CONFIAS, in Portuguese) . Elaborated and standardized in Brazil by Moojen et al., (2007) , this instrument is composed of tasks of synthesis, segmentation, identification, production, exclusion and transposition, at the syllabic and phonemic levels. Each correct answer equals one point and each incorrect answer is zero, with 70 being the total number of possible hits.
Auditory Sequential Memory Subtest of the Illinois Test of Psycholinguistic Abilities -ITPA, with Brazilian adaptation by Bogossian and Santos (1977) , has standards for children from 2 to 10 years-old, in addition to presenting evidence of validity and reliability, being used to evaluate phonological memory. (Seabra & Dias, 2012) , based on the test of Gathercole and Baddeley (1993) , used to evaluate the phonological memory by remembering words and pseudowords.
Test of Words and Pseudowords Repetition (TRPP, in Portuguese)
The Rapid Automatized Naming Test -RAN, developed by Denckla and Rudel (1974) and adapted by Ferreira, Capellini, Ciasca and Tonelotto (2003) , includes the subtests of letters, numbers, colors and objects naming. The time each participant spends to complete the test (to name all stimuli) is recorded in seconds. Therefore, in this case a better performance corresponds to a lower score.
Test of Writing with Dictation, reduced version (Seabra, Dias, & Capovilla, 2013) , composed of 36 items, of which 24 are words and 12 are pseudowords; 18 are disyllable and 18 are trisyllable. The Test is standardized for children from 7 to 11 years-old and shows validity evidence based on correlations with other tests and with the school grade.
Test of Reading Words and Pseudowords, PROLEC, Brazilian adaptation by Capellini, Oliveira and Cuetos (2010) , used to assess reading through a list of 60 stimuli with 40 words and 20 pseudowords. The test has standards from the 2 nd to the 5 th grade and validity studies prove its effectiveness in differentiating children with and without learning difficulties.
Evolutional Test of Visual Perception, DTVP-2 (Hammil, Pearson, & Voress, 2001) . It is used to evaluate visual processing skills through position in space; figure background; visual closure and shape constancy subtests. The gross score of each subtest was converted into a standard score, which was added, generating a total standard score for the "visual processing" skill.
Procedure
Data collection. We collected all data at the school, in a quiet room, which the researcher was allowed to use during the normal class period. The tests were administered in individual sessions, lasting about 30 to 40 minutes and occurred in two sessions, to avoid fatigue interfering with the participants' performance.
Data analysis. We analyzed the data quantitatively through correlation techniques, regression analysis and exploratory factor analysis using the Statistical Package for Social Sciences (SPSS) program, version 17.0. Based on indications from authors such as Cohen (1988) and Evans (1996) , we considered strong correlations as values between .70 and 1; moderate values between .30 and .69; and weak values between 0 and .29.
Ethical Considerations
The Research Ethics Committee of the School of Philosophy, Sciences and Language of Ribeirão Preto approved this study (CAAE nº 23545013.0.0000.5407). The legal responsible for the participants signed the Free and Clarified Consent Term and the students signed the Term of Assent. Table 1 shows the matrix of correlations obtained between the studied variables. From these results, multiple regression analysis was calculated to identify which predictor variables contribute most to explain the results obtained in the Reading and Writing tests. The Stepwise was the methodology we used in the regression analysis, inserting in the calculations only the predictor variables that showed a significant correlation with the criteria variables (p <.05).
Results
Initially, we performed previous statistical analysis that allowed us to reject the multicollinearity hypothesis (very high correlation) between the predictor variables, which is an important criterion for using regression analysis. To explain the variability in Writing performance, we initiated regression analysis considering all predictor variables significantly correlated with performance in the Writing test: Memory of Pseudowords, RAN letters, Phonological Awareness' syllables, Phonological Awareness' phonemes and Total Phonological Awareness ( Table 1 ). From that, we proceeded by excluding from the model the variables that, in the successive analyzes, did not present statistical significance, obtaining as final result the model that included only the total PA and Memory of pseudowords variables, in which both predictor variables showed significance (Table 2) . This model explained about 60% of the performance variability observed in Writing.
Afterwards, the same methodology was used to identify the predictor variables that best explain the Reading performance of the studied sample, inserting in the regression analysis the predictor variables significantly correlated with this skill: Memory of pseudowords, RAN letters, PA syllables, PA phonemes and PA total. By excluding successively from the analysis the variables that lack from showing statistical significance, we obtained the model presented in Table 2 , which includes only the PA total variable, which explains about 22% of the variation in Reading.
Analyzing more closely the pattern of significant correlations between predictor variables (Table 1) , there were strong correlations between RAN letters and RAN digits, as well as between PA total and their partial scores of PA syllables and PA phonemes. These last two variables, in turn, presented moderate correlation between themselves. Moderate correlations were also found between Memory of Digits and Memory of Pseudowords, as well as between Memory of Digits and the other PA scores. As expected, the four RAN measures correlated significantly with each other; however, few correlations occurred with the other variables. The exceptions were RAN letters, which moderately correlated negatively with PA syllables, PA phonemes, PA total and RAN color, which correlated negatively with PA phonemes. Visual processing weakly correlated only with PA total.
Finally, to more directly test the possibility of grouping the variables considered as predictor of reading and writing, we performed an exploratory factor analysis based on the obtained results. For this analysis we considered the following predictor variables: Total memory (words + pseudowords), Memory of digits, RAN letters, RAN digits, RAN color, RAN objects, PA total and Visual processing. The appropriateness criteria of the sample to use this technique were reached (KMO = 0.71 indicates that the data have reasonable appropriateness for the method and Bartlett Test with p = .00 rejects the hypothesis of the correlation matrix being an identity matrix, allowing analysis).
The extraction of the number of factors followed the criterion of using ScreePlot (Figure 1 ), identifying the point where the graphic starts to be horizontal as indicative of the maximum number of factors to be extracted. Thus, three factors were considered for the analysis. Note. RAN = Rapid Automatized Naming. PA = Phonological Awareness; *p < .05; **p < .01. Table 3 shows that, considering the extracted factors, explaining about 70% of the variance of the results is possible, being 36.69% of the variance explained by Factor 1, 19.09% by Factor 2 and 14.24% by Factor 3. Table 3 also contains the analyzed variables and the "load" of each of them on each of the extracted factors, already corrected from the Varimax rotation. The factorial rotation aims to find a simpler and more interpretable solution, in which each variable shows high factorial load in a few factors, or in only one (Abdi, 2003 , as cited by Damásio, 2012) . Therefore, we can conclude that Factor 1 is more "loaded" of the variables RAN digits, RAN letters, RAN objects and RAN colors, Factor 2 of the variables Memory digits, Total memory and PA total and Factor 3, of the variable Visual Processing. 
Discussion
The main objective of this study was to analyze the relationship between the different cognitive skills generally considered as involved in phonological processing -phonological awareness, phonological memory, rapid automatized naming (RAN), also analyzing the possible contribution of each of them and of visual processing for reading and writing performance of students in the literacy process.
According to the correlation and multiple regression analyzes, the model that best explains the writing variation includes the total Phonological Awareness and Memory of Pseudowords. As for reading, according to the regression analysis, the total Phonological Awareness best explains the variation of performance.
Therefore, the results allow us to conclude that among the analyzed skills, phonological awareness presented the greatest independent contribution to performance, both in writing and reading, which supports the first hypothesis, which presupposed the predominance of metaphonological skills as predictors of literacy. In addition, in the assessment of phonological memory and rapid naming skills, the Memory of Pseudowords and RAN letters were the only ones that presented significant correlation with reading and writing skills, and in the case of writing performance, phonological memory also showed an independent and significant contribution, which is also in agreement with the initial hypotheses of the research.
However, important differences in the power of the models obtained for the explanation of performance in writing and reading occurred. While the Writing explanatory model explained 60% of the variability, the Reading model explained only 22%. In fact, according to Frith (1985) , there is dissociation between the processes and strategies used to read and write in the initial period of literacy. According to the author, there are indications that writing tends to rely on alphabetical strategies (grapheme-phoneme correspondences) before reading. Reading, in turn, would tend to automate before writing, relying less time on alphabetical strategies. According to this hypothesis, writing would be supported for longer under alphabetical strategies control, which are more dependent on phonological coding, thus explaining the greater contribution of phonological awareness and phonological memory skills to writing performance, at least at the literacy stage in which most of the research participants are likely to be inserted, whose reading skills must already be starting to automate.
Phonological Awareness, especially in its total score (syllables + phonemes), showed strong significant correlation with the Writing, being also moderately correlated to Reading, evidencing the importance of this skills in the beginning of reading and writing acquisition, corroborating the results of Brazilian studies that also found these relationships (Barrera & Maluf, 2003; A. G. S. Capovilla, Gütschow, & F. C. Capovilla, 2004) . We also noticed that, although the correlations of phonemic awareness with reading and writing skills are higher than syllabic correlations, the last skill also play an important role for the Brazilian Portuguese learners, since the PA total score, which sums the points of the two types of task, contributed most significantly to the explanatory models elaborated for both writing and reading performances. This result differs from that found in the study by Melby-Lervag et al., (2012) , which points to phonemic awareness as the best predictor of reading performance in English, as the syllabic skills would not cause an independent contribution to reading. Such a discrepancy in results may be due to phonological differences between languages, since the syllable is a more salient phonological unit in French and Portuguese than in English (Seymour, 2013) .
Regarding the phonological memory, for both the Writing and Reading variables, significant correlations occurred with the Memory of Pseudowords. As for the Memory of Digits, there was a smaller correlation, but still close to significance, regarding Writing, but it was not correlated with Reading. Therefore, there is an apparent relation between phonological memory, especially when evaluated by tasks involving pseudowords, and reading and writing, reinforcing the results pointed out by Gindri, Keske-Soares and Mota (2007) and Kibby et al., (2004) . Thus, we support the hypothesis that memory of pseudowords tests are more effective in assessing aspects of phonological memory, since the stimuli do not have semantic or sound characteristics that can activate semantic or phonological representations in long-term memory, being thus a more "pure" measure of phonological memory, as suggested by Snowling and Stackhouse (2004) .
Visual Processing showed significant correlation with neither the Writing nor Reading, corroborating the findings of Capovilla et al., (2004) . These results do not mean that visual processing skills are not important for learning to write and read, since other studies, such as Souza and Capellini (2011) , show that students with learning disorders presented inferior performance compared to students with good academic performance, in relation to visual-motor coordination, position in space, copy, visual closure, visual-motor speed and form constancy skills. However, the fact that these authors used several tests that also measured visual-motor skills may have contributed to the differences in results. In addition, the tests applied in this research mainly deal with visual perception aspects, and it may be pointed out that other skills involved in visual processing, such as the breadth of letters processed at once, may be more relevant as predictors of reading performance, as suggested by Bosse and Valdois (2009) .
With regard to the analyzes involving rapid automatized naming, the results are in line with the literature, with letter and digit naming tests being the most related to reading skills (Wolf & Bowers, 1999) . There were significant correlations from moderate to strong level among the four rapid automatized naming tasks. The fact that the RAN letters was, among the naming speed tests, the only one significantly correlated to reading and writing skills, it is probably related to the fact that the letter identification speed is an intrinsic part of reading and writing processes, which are based specifically on the processing of this type of stimulus.
On the other hand, it should also be considered that since most RAN tasks were not significantly correlated with reading and writing skills, or even that this index was only moderate, it may be because, in this research, reading was evaluated in terms of words and pseudowords decoding skills, while naming speed was more directly related to reading fluency skills, as reviewed by Navas, Pinto and Dellisa (2009) . Wolf and Bowers (1999) also stress the naming speed role as a predictor variable of fluency skills and reading comprehension.
Finally, considering the predictor variables correlations among themselves, all naming speed measures presented moderate to strong significant correlations. However, of the four RAN measures, only letters naming presented moderate correlation and statistically significant with phonological awareness measurements (PA syllables, PA phonemes and PA total); a weak correlation between RAN color and PA phonemes also occurred, therefore, with few correlations between the rapid naming tests and the other studied phonological processing measures, contrary to the hypothesis of Wagner and Torgesen (1987) , which include naming speed as part of phonological processing skills. On the other hand, naming speed was also not correlated with visual processing skill, a hypothesis suggested by Wolf and Bowers (1999) . The exploratory factor analysis corroborated these data, identifying three factors, one of them being more loaded with the Memory of digits, Total memory and PA total variables (which could correspond to the latent "phonological processing" factor), another more loaded factor of the RAN Letters, RAN digits, RAN colors, and RAN objects variables (this factor corresponding to the naming speed) and a third most loaded factor of the Visual Processing variable. Thus, the data of this study seem to agree with the results of the study by C. N. G. Justi, Roazzi, F. R. Justi, Henriques et al., (2014) that question the inclusion of RAN measures in phonological processing, suggesting that this is a skill more specifically related to the cognitive processing speed. Likewise, it was not possible to group RAN measures with Visual Processing skills, at least in the way they were evaluated in this research.
The results contribute to the understanding of the psychological processes involved in the learning of reading and writing, and can offer subsidies for the elaboration of more efficient literacy methodologies, related to the scope of teaching, as well as the prevention and remediation of learning difficulties. They can also support decisions about the skills to be considered in tests intended to investigate phonological processing.
Although our results support those obtained in the studies of C. N. G. Justi, Roazzi and F. R. and Wolf and Bowers (1999) , the nature of the processes for rapid naming was not investigated, only suggesting that the nature of these skills would not be properly phonological. Another limitation of this study is the reduced sample size to calculate the factorial analysis, since the number of participants, although reaching the minimum required for the analysis, was below the considered ideal to guarantee greater reliability of the results. Therefore, in future studies, a greater number of participants would be desirable. In addition, it is important to emphasize that the study evaluated only 3 rd year Elementary School children, so it would be interesting that the studied skills in this study be evaluated in a cross-sectional study, addressing different schooling levels or even in a longitudinal study, to follow the development of these skills with the education progress.
